Background: Postoperative sellar hematoma can develop following surgery for pituitary tumors and other sellar masses such a Rathke's cleft cyst (RCC) due to continued blood oozing. Though often mild sellar hematoma can create mass effects that might impair pituitary function. Aim: This study summarizes the clinical and biochemical characteristics of sellar hematoma and explores the potential mechanisms for the associated hypopituitarism. Patients and methods: Sellar hematoma was suspected clinically (worsening headaches, visual impairment, and mental status alterations) and confirmed radiographically in 23 patients (18/279 with macroadenomas and in 5/92 with RCC). Postoperatively, patients were monitored without glucocorticoid therapy and all had appropriately normal HPA function before sellar hematoma diagnosis. Results: The demographics of patients who had sellar hematoma were similar to those who did not. Biochemical changes at diagnosis included decreased plasma ACTH and its dependent steroids (cortisol, DHEA, and DHEA-S), concomitant mild hyperprolactinemia, and mild hyponatremia (P < 0.005 for all parameters). Treatment with glucocorticoids resulted in rapid clinical improvement in most patients. Glucocorticoid therapy was discontinued within 2 weeks and re-testing thereafter showed normal HPA function in 16/23. None of the patients without sellar hematoma had worsening in pituitary function, visual, or neurological symptoms. Conclusions: When large, sellar hematoma can lead to mass effect that causes headaches, visual symptoms, and acute and often reversible hypopituitarism manifesting initially as impaired HPA function. Rapid resolution is observed in most patients with glucocorticoid administration The rapid onset and reversibility of hypopituitarism associated with mild hyperprolactinemia suggest that compression of pituitary stalk/ portal vessels is likely the dominant mechanism of pituitary dysfunction in this setting.
Introduction
Transsphenoidal pituitary adenomectomy is the treatment of choice for most pituitary tumors, especially those that are nonfunctional. In experienced hands, normal pituitary function is most often preserved (1) and recovery of lost function is common (2, 3) . Recovery of pituitary function can be documented to occur immediately after adenomectomy (3) even in patients with pituitary tumor apoplexy (4, 5) .
A similar approach is used for the resection of other sellar masses such as Rathke's cleft cyst (RCC) which is a non-neoplastic cystic mass that develops early in life as a result of poor obliteration of the Rathke's pouch (6, 7, 8, 9) .
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Although most RCCs remain small and asymptomatic throughout life, some become large, resulting in a mass effect on the pituitary and surrounding structures that are difficult to distinguish from a pituitary macroadenoma (6, 7, 8, 9) . When large, the clinical manifestations of RCC include headaches, visual symptoms, and variable degrees of hypopituitarism (6, 7, 8, 9) . Treatment of this condition becomes necessary in symptomatic patients and is primarily surgical. Since most RCCs are intrasellar, transsphenoidal surgery is often the treatment of choice for a large and symptomatic RCC.
As stated earlier, transsphenoidal decompressive surgery for pituitary tumors or RCC is generally well tolerated with minimal morbidity and mortality. The complication rate is usually low in experienced hands, and is influenced by size and location of the adenoma, as well as the patient's medical condition (10, 11, 12) . Commonly encountered side-effects or complications include diabetes insipidus in 5 -15%, which is often transient, and less commonly infection and CSF leak (10, 11, 12) . The development of hypopituitarism following transsphenoidal pituitary surgery is rare when the surgical procedure is performed by experienced surgeons. The time of onset of hypopituitarism in the latter setting is often within a few hours after the procedure and is attributed to direct injury and/or ischemic event during surgery. If this were the case, one would not expect recovery of that function at any time in the future.
Although surgeons always endeavor to ensure adequate homoeostasis at the end of surgical resection of adenomas or RCC, variable degrees of hemorrhage may recur at the surgical site in some patients. Subsequently, postoperative hematoma can develop following transsphenoidal pituitary surgery. Although it is often mild and thus, clinically unrecognized, it can at times be large enough to create a mass effect on the normal pituitary and, therefore, interfere with pituitary function. In addition to the development of hypopituitarism, sellar hematomas can potentially lead to a mass effect that can compress surrounding perisellar structures which can potentially lead to the development of headaches, visual disturbances, and cranial nerve palsies. Postoperative sellar hematoma is not a well-recognized entity and to date, there have been only a few case reports (13, 14, 15) . We are not aware of any published reports of a sellar hematoma developing after transsphenoidal surgical decompression of an RCC. Specifically, there are no reports on the prevalence of this complication and its impact on pituitary function.
The current investigation provides a detailed review of the clinical and biochemical characteristics in patients who were demonstrated to have a postoperative sellar hematoma and a comparison to the features observed in those who did not develop this complication. We postulated that the development of postoperative sellar hematoma results in a mass effect that can lead to the compression of perisellar structures including the portal vessels and the infundibulum and therefore will be associated with acute loss of adrenal function and mild-to-moderate hyperprolactinemia.
Patients and methods
To achieve our objectives, we performed a retrospective review of the clinical and biochemical data on all patients with pituitary tumors/masses who had elective transsphenoidal surgery over a 10-year period (January 2005 to December 2014) and identified those who were clinically suspected and confirmed by imaging studies to have the diagnosis of postoperative sellar hematomas. Patients who presented with the apoplexy syndrome were excluded. As a control group, we reviewed similar data on patients who underwent the same surgical procedure during the same time frame but who did not have symptoms to raise clinical concerns for postoperative hematoma. Pre and perioperative clinical and biochemical data were collected and analyzed in both groups. The primary objectives of this study include determining the prevalence as well as the clinical and biochemical manifestations of clinically significant sellar hematomas after transsphenoidal surgery. A secondary objective of the study was to investigate the potential for recovery of pituitary function in these patients.
As stated earlier, the development of postoperative sellar hematomas after transsphenoidal surgery is not well appreciated, particularly when one looks at the impact on pituitary function. It would be therefore hard to examine this complication prospectively and therefore the current investigation is a retrospective review of patients' data. Fortunately, however, over the past 25 years we have followed an established protocol detailing perioperative management of all patients who underwent surgical resection of pituitary masses. This has allowed us to obtain consistent data at specific perioperative time points in patients who had the sellar hematoma and others who did not. In all cases, transsphenoidal decompression surgery on all patients was performed by the same neurosurgeon (WRS). The surgical procedure in all cases was done via a direct transnasal approach to the sphenoid sinus as described by Griffith and Veerapen (16) with the aid of the operating microscope, and standard means of packing with adipose tissue in the sphenoid was performed. Patients with prolactin or ACTH-secreting adenomas were included in assessing the prevalence of this complication but their perioperative prolactin and HPA function data were excluded when the alterations in their respective secretion were examined. As will be discussed in a subsequent section of this manuscript, patients were suspected to have a sellar hematoma primarily on clinical grounds, and the diagnosis was confirmed or excluded on imaging studies. The study was approved by the Institutional Research Board.
Laboratory assays
Plasma ACTH concentrations were measured using solid-phase two-site sequential chemiluminescent immunometric assay (Immulite) supplied by Sieman Healthcare Diagnostic Products Ltd, Llanberis, Gwynedd U55 4EL, UK. The lower limit of detectability in the assay was 5 ng/L, and the intra-and inter-assay coefficients of variation determined at different ranges in the assays varied from 6 to 10%. The assay utilized two specific antibodies that detect the entire ACTH molecule. Testing by the manufacturer indicated that there was no cross reactivity in this assay system with the ACTH fragment molecules or with ACTH molecule precursors such as α MSH and pro-opiomelanocortin. The normal AM plasma ACTH in this assay was 8 -46 ng/L. Serum DHEA, DHEA-S, and prolactin were measured using established procedures as described previously (3, 17, 18) . Serum total cortisol levels were measured by a chemiluminescence assay technique (Centaur/Bayer Diagnostics, Tarrytown, NY, USA). The lower limit of detectability was 0.2 µg/dL, and the inter-and intra-assay coefficients of variation were 7.7% and 4.3% respectively (17, 18) .
Statistical analysis
Data are presented as mean ± standard deviation (S.D.), unless otherwise stated. The perioperative data on patients with perisellar hematomas and those without clinical or biochemical evidence for that complication were first analyzed using the Kruskal-Wallis test, as a nonparametric alternative to the analysis of variance test and then comparisons between groups were done using the Wilcoxon rank-sum test for nonparametric measurements. Categorical data were compared using Chi square and Fisher's exact tests. Differences were considered significant when the two-sided P values were less than 0.05. All data analysis was made using SPSS program.
Standard perioperative management protocol

Clinical monitoring
Following transsphenoidal surgery, patients are monitored carefully by the Pituitary Service, the neurosurgical team along with highly specialized experienced nurses either in the Neurological ICU or a step-down unit. Monitoring parameters in these patients include, but are not limited to, cardiovascular/respiratory evaluation along with assessments of headache intensity, need for pain medications, mental status, neurological and/or visual symptoms, fluid balance, and urine flow rate. Various degrees of headaches are expected in the majority of patients, and most require pain control during the first 24 hours. Suspicion for postoperative sellar hematoma was raised when one or more of the following clinical symptoms/signs were detected. These include newer or worsening visual complaints (decreased acuity, diplopia; visual field deficits), unexplained alteration in mental status, and persistent severe unrelenting headaches after the first postoperative day despite removal of the nasal packs. Such patients were suspected clinically to have postoperative sellar hematomas. Additional symptoms were observed in these patients, such as fatigue, but that was never the sole manifestation in any patient.
Imaging studies are not routinely done in the immediate postoperative period, but are usually obtained 10 -12 weeks after surgery. However, imaging studies were obtained on patients who were suspected to have a sellar hematoma as described herein. In patient with any of the above-mentioned clinical manifestations, a postoperative sellar hematoma was diagnosed when magnetic resonance imaging (MRI) was performed and showed evidence for a sellar mass that has the characteristics of blood/blood products and that resulted in compression of the infundibulum and/or other perisellar structures. An illustrative example of a patient who developed this complication is shown in Fig. 1 .
Biochemical monitoring
Biochemical monitoring is carried out in parallel with that of clinical assessment described above. The details of our standard protocol have been published previously (17, 18) . The protocol stipulates that glucocorticoids are not administered before and during surgery to patients who had normal hypothalamic pituitary adrenal (HPA) function as recently defined (17, 18) . Instead, patients were frequently evaluated clinically and biochemically for the evidence of adrenal insufficiency (3, 17, 18) . Blood samples for the determination of plasma ACTH, serum cortisol, and prolactin levels were drawn before surgery and at 4, 8, 12, 18, 24, 36 , and 48 h after adenomectomy. Serum cortisol levels usually reach a peak 8 -10 h after surgery and return to baseline gradually thereafter. In patients with normal postoperative pituitary adrenal function, the serum cortisol is > 15 µg/dL on multiple occasions during the first 36 postoperative hours. Patients with documented preoperative hypothyroidism are treated with thyroxine preoperatively. However, those with ACTH insufficiency are treated preoperatively with physiological doses of hydrocortisone, and an oral dose of 30 mg was given 2 -3 hours before surgery. No additional glucocorticoids are administered unless the patient exhibits symptoms suggestive of adrenal insufficiency. Thereafter, their serum cortisol and ACTH levels are monitored as stated above without additional glucocorticoids. Serum cortisol levels are usually available within 2 -3 hours, which would allow the treating physician to make a decision as to whether glucocorticoids should be administered. The protocol stipulates that glucocorticoids should be administered when the serum cortisol is < 10 µg/dL on more than one occasion during the first 24 postoperative hours. Blood samples are drawn as scheduled until exogenous glucocorticoids are administered. In addition to the above routine measurements, we examined changes in patients' electrolytes at least twice daily for the first 2 postoperative days.
Results
Prevalence, patients characteristics, and clinical manifestations
Over a period of 10 years, a total of 399 patients with pituitary masses had transsphenoidal pituitary surgery performed by one neurosurgeon (WRS). Of these, 307 patients had pituitary tumors while 92 had Rathke's cleft cyst (RCC). Postoperative sellar hematoma was diagnosed in 23/399 (5.8%) of the patients who had transsphenoidal pituitary surgery (Table 1) . Of the 307 patients who had pituitary adenomas, 28 had microadenomas (< 1.0 cm) and none of these had postoperative sellar hematoma. In contrast, 18/279 who had macroadenomas (> 1.0 cm) and 5/92 of those with RCC (all were > 1.0 cm) had clinically significant postoperative hematomas ( Table 1) . The records of all 
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577 Clinical Study N El-Asmar and others Postoperative sellar hematoma 399 patients were reviewed for documentation of postoperative clinical course and biochemical and imaging studies. As given in Table 1 , the prevalence of postoperative hematoma was similar in patients who had macroadenomas (6.4%) and those who had large (> 1 cm) RCC (5.4%). The diagnosis of postoperative sellar hematoma was confirmed in all 23 patients 1.5 -8 days after surgery (mean: 2.8 ± 1.1; median: 2 days). An illustrative example of the imaging features is shown in Fig. 1 . The diagnosis was made before the patients were discharged home in 20/23 patients and a few days after discharge in the remaining three patients. There were no differences in age, gender, prevalence of hypertension or diabetes nor were there differences in tumor sizes or histopathology between the 23 patients who had sellar hematomas and those who did not (Table 1) . Importantly, however, we noted that 6 of the 23 (23%) who had hematomas were taking aspirin or other nonsteroidal agents preoperatively, although these were discontinued more than one week before surgery. In contrast, only 21/348 (6%; P ≤ 0.001) patients with similarly large tumors (adenomas and RCC) who did not have clinically significant hematomas were using such medications. The 23 patients had clinical symptoms, physical examination features, and laboratory findings that justified an imaging study of the sella which confirmed the presence of surgical site hematoma. Clinical symptoms that raised concern for the diagnosis of sellar hematoma (Table 1) included worsening headache (21/23), decreased visual acuity (8/23), cranial nerve palsies (7/23), alteration in mental status (7/23), photophobia (5/23), fatigue, and nausea (18/23). All 23 patients had more than one of these symptoms/signs, but worsening and/or severe headache was a dominant complaint. Decreased visual acuity and/or cranial nerve palsies were observed in nearly 40% of the patients. Patients without postoperative hematomas had minimal symptoms at 36 -48 h (Table 1) and none had new impairment in pituitary function.
Pre and peri-operative pituitary function
Preoperative pituitary function in the 23 patients who had postoperative hematomas was similar to that in the 348 patients who had large tumors (261 with macroadenomas and 87 with RCC) and did not develop that complication. Specifically, among the subjects who developed sellar hematoma, 6/23 had central hypothyroidism and were treated with thyroxine before and during the immediate postoperative period. Similarly, 4/23 had impaired HPA function preoperatively and were treated with hydrocortisone till the morning of surgery as stipulated in our protocol. All four patients with preoperative ACTH deficiency recovered HPA function within a few hours and were documented to have appropriately elevated ACTH (> 100 ng/L) and cortisol (> 15µg/dL) levels (Table 1) .
In assessing the alterations in HPA function in patients who developed clinically significant hematoma, we included data on patients (n = 19) who had normal function preoperatively and the 4 who recovered function. The data and conclusions would be exactly the same when we exclude the 4 subjects who recovered HPA function. Thus, before the development of hematoma, all 23 patients had clear evidence for normal HPA function. Their plasma ACTH and serum levels of cortisol, DHEA, and DHEA-S measured at 12, 24, and 36 hours after surgery were appropriately elevated and similar to those who did not have a hematoma (Table 2 ). Furthermore none of these patients had any evidence indicating impairment in ADH secretion as evidenced by the absence of polyuria, neutral fluid balance and a normal serum osmolality, and sodium concentration.
Biochemical features at diagnosis
Since the diagnosis of sellar hematoma was made over a broad time frame (1.5 -8 days after surgery), we assigned day-0 as the time of diagnosis and examined the data on HPA function the preceding 24 -48 h (whenever available) to assess changes related to the development of hematoma. In 3 the patients who were diagnosed a few days after discharge, we did not have data on their HPA function at 1 and 2 days. Biochemical features observed at the time of hematoma diagnosis included a significant (P < 0.005) decline in plasma ACTH, serum cortisol, DHEA, and DHEA-S as well as a relative increase in serum prolactin levels (Fig. 2) as compared with the respective data obtained 24 -48 h earlier. Similarly, the mean serum Na+ concentration decreased (from 139.9 ± 2.9 at 24 h before diagnosis to 134 ± 7.1 meq/L at diagnosis), while frank hyponatremia (Na of < 135 meq/L) was demonstrated in 8/23 patients. At the time of diagnosis of the hematoma, serum cortisol levels were quite low (< 5 µg/dL) in 15/23 patients and the remaining 8 patients had levels ranging from 6 to 12.9 µg/dL, and all were associated with low or low-normal plasma ACTH levels ranging from < 5 to 24 ng/L (Fig. 2) . 
Management and outcome
Rapid improvement in symptoms was observed in the majority of patients within 24 h of the administration of glucocorticoids (hydrocortisone 25 mg every 6 h (n = 12) or dexamethasone 6 -12 mg/day given in two or three divided doses (n = 11)). However, the persistence of symptoms despite 48 h of glucocorticoid therapy prompted surgical re-exploration in 4/23 patients, in whom the diagnosis was further confirmed visually and histologically. All 23 patients were discharged home 5 -10 days after surgery on glucocorticoid therapy that was tapered gradually over a 2-week period. Glucocorticoid therapy was discontinued in these patients after 2 -3 days and HPA function was re-tested using morning serum cortisol concentration of > 12 µg/dL indicating normal function and a value of < 5 µg/dL indicating impaired HPA axis (17, 18) . A lowdose (1 µg) cosyntropin test was performed in subjects whose morning serum cortisol level was between 5 and 12 µg/dL (17, 18) . Following glucocorticoid withdrawal, HPA function was documented to be normal in 17/23 patients and impaired in the remaining 6 patients. The baseline serum cortisol in the 17 patients with normal HPA function ranged from 9.3 to 17 µg/dL (Fig. 3) and the lowest response to 1 µg cosyntropin test in those who had it was 23.8 µg/dL. Interestingly, at the time of hematoma diagnosis, the latter 6 patients had similar serum cortisol levels but lower serum prolactin levels (7.1 ± 3.9 vs 14.1 ± 7.9 µg/L; P < 0.01) than the 17 patients who eventually had normal function. With glucocorticoid therapy and fluid administration (normal saline), serum Na+ levels gradually improved to normal in all who were hyponatremic at diagnosis. The 23 patients were followed closely and their pituitary function was re-assessed 3 months after surgery. At that time, the HPA function remained normal in all 17 patients who had documentation of normality after glucocorticoid withdrawal and remained impaired in the remaining 6. Assessment of the rest of pituitary function at 3 months postoperatively revealed impairment in the gonadal (19/23) and thyroidal functions (8/23), while some (14/23) had low plasma IGF1 levels suggestive of decreased GH secretion. ADH function as defined by the lack of relevant symptoms, a normal serum, and simultaneously determined urinary Na and osmolality, was not impaired in any of the 23 patients when tested at 3 months. Nearly all patients with large tumors (adenomas and RCCs) who did not have clinically significant hematomas (n = 348) had headaches with variable degrees of intensity during the first 24 postoperative hours, but none had any unexplained visual symptoms, cranial nerve palsies, or alterations in their mental status. The headache in the latter group of patients improved with removal of the nasal packs, usually at 24 h, with minimal discomfort on the second postoperative day. Pituitary function in the latter group of patients was monitored carefully during the first 48 postoperative hours, and there were no demonstrable evidence of changes particularly in HPA function as was previously documented (3, 18) .
Discussion
The data presented herein demonstrate that postoperative sellar hematoma is not an infrequent complication of transsphenoidal surgery. It was observed after surgical removal of large adenomas as well as RCC but not in any of the 28 patients who had microadenomas. Postoperative sellar hematoma should not be confused with the well-recognized syndrome of apoplexy involving a pituitary tumor (5) or RCC (12) . The latter distinction is supported by evidence from the surgical findings of only a hematoma in patients with the former diagnosis who had surgical decompression and the resolution of the mass effect over time in most patients with glucocorticoid therapy. In reviewing published data, this complication was reported only occasionally (13, 14, 15) and as case reports at times. The earlier reports on this complication described patients presented with this complication as being similar to that of a mass or pseudo tumor (13) . Our data are quite consistent with that description and offer biochemical depiction of the findings.
The data presented herein indicate that the incidence of clinically significant postoperative sellar hematoma is approximately 6% in those with large tumors. It is clearly higher than that reported in the literature. A study involving a survey of nearly 1000 neurosurgeons in the US showed that the complications of transsphenoidal pituitary surgery vary widely and include vascular injuries and hemorrhage into tumor bed in 1 -4% of cases (10) . The latter complications are not well defined and may relate to sellar hematoma. As predicted, expert surgeons reported lower complication than those with less experience in that surgery (10) . It was interesting to note that anterior pituitary insufficiency was self-reported by even the most experienced surgeons in 7 -20% of patients (10) . As this was a self-reporting survey, it would be difficult to ascertain the pathophysiology of hypopituitarism in these patients, and whether this could be a manifestation of unrecognized sellar hematoma. In a recent series where there was an endonasal endoscopic approach to pituitary tumor removal, lower rates of complications including vascular injury and hemorrhage (nearly 1%) were reported. The latter report did not provide details about the nature or extent of the hemorrhage (19, 20) .
It is not clear why this complication has not been commonly reported in the past. One possible explanation could be that in many centers, glucocorticoids are administered to all patients, often in large doses in the perioperative period and the latter treatment is tapered gradually over several weeks. Thus, patient would often be receiving higher than physiological doses of glucocorticoids during the critical time when they are at risk of developing this complication. It was interesting to note that nearly onequarter of the patients who developed clinically significant hematomas were receiving ASA or other nonsteroidal agents, although all discontinued such medication over a week before surgery. It may be reasonable to suggest that such medications should be discontinued for more than a week before surgery, especially when the procedure is elective and the mass is large. We did not do any further studies to better characterize the hematological features in these patients. It is also not clear why this complication was not observed in any of the 28 patients who had resection of smaller adenomas (microadenomas).
It would be hard to estimate the exact prevalence of postoperative sellar hematomas solely based on imaging studies as these are not routinely performed in the immediate postoperative period and are usually performed for specific clinical indications such as increasing headaches, alterations in mental status, and visual changes. Imaging studies done shortly after transsphenoidal pituitary surgery often reveal a variety of changes at the surgical site, including evidence of blood or blood products and some edema; features often referred to as postoperative changes. Thus, it is highly likely that following surgical removal of a pituitary mass, blood oozing might be evident at the surgical site in many patients, but this would not be clinically apparent in the majority. It is therefore important to point out that our estimate for the development of postoperative sellar hematoma refers only to those that are symptomatic, clinically significant, and will thus justify confirmation with an imaging study.
The biochemical data obtained before and soon after the onset of symptoms are quite important as it sheds some light not only on the prevalence of this complication but also on the potential mechanism of hypopituitarism in this setting. We focused on the assessment of HPA function as this is highly activated in the perioperative period (3), and is clinically important at that time. Furthermore, the short half-life of the components of the HPA function (particularly ACTH and cortisol) in the circulation makes assessment of their function easier to recognize in the acute setting. In addition, we assessed prolactin levels in these patients because its secretion is regulated distinctly different from other pituitary hormones including ACTH. The latter physiological feature helps in considering potential mechanisms for hypopituitarism in this setting just as it was in proposing the pathophysiology of loss of pituitary function in patients with large sellar tumors (2, 3, 21, 22) .
We noted that some of the clinical symptoms observed in patients with postoperative sellar hematoma were due to a mass effect such as the headaches and visual manifestations, wheras others could be caused by loss of pituitary function and particular HPA function. It is important to point out that the onset of hypopituitarism in this setting is rather acute as demonstrated by the rapid decline in plasma ACTH and all ACTH-dependent adrenal steroids: cortisol, DHEA, and DHEA-S. These changes were associated with a rise, albeit mild, in serum prolactin level. Such alterations are consistent with the compression of portal vessels and/or the pituitary stalk, likely by the expanding hematoma. This mechanism is reminiscent of the proposed chronic effects of perisellar mass lesions such as tumors on pituitary function (2, 3, 21, 22, 23) . The rapid recovery in most patients after discontinuation of glucocorticoid therapy is consistent with the postulated mechanism and indicates that pituitary cells remained viable after the development of hematoma in most patients.
The improvement in clinical symptoms was quite rapid and was observed within 24 h of the administration of glucocorticoids. Since the improvement in headaches and visual symptoms was quickly noted, it is likely that the glucocorticoid administration helped to minimize the edema and swelling in the perisellar region. The recovery of HPA function after the withdrawal of glucocorticoid therapy indicated that the loss of pituitary function in this setting was not only acute in onset but was also reversible in the majority of patients. The persistence of ACTH deficiency in the minority of patients suggested that ischemic changes and/or necrosis of some of the normal pituitary tissue may have accompanied the development of hematomas. We did not attempt to measure intrasellar pressure in these patients as only four subjects had repeat surgery. Despite the lack of definitive data, it is reasonable to speculate that a rise in intrasellar pressure mediated some of the manifestations of postoperative hematoma just as it was demonstrated to have a pathophysiological role in the development of headaches and hypopituitarism (24, 25) .
In summary, our data demonstrate that approximately 6% of patients who had transsphenoidal surgical resection of large (> 1 cm) pituitary adenomas or RCC developed clinically significant postoperative hematoma at the surgical site. The development of postoperative sellar hematoma resulted in a mass effect that manifested clinically as headaches, visual and neurological symptoms as well as acute onset of hypopituitarism. The latter was characterized by a drastic reduction in the secretion of ACTH and ACTH-dependent steroids (cortisol, DHEA, and DHEA-S) and was associated with a rise in serum prolactin levels. The rapid onset and the reversibility of hypopituitarism suggest that compression of portal vessels/pituitary stalk by the hematoma was the primary mechanism for pituitary dysfunction. Prompt recognition and glucocorticoid administration led to the resolution of clinical manifestations and recovery of pituitary function in most patients.
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